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Description

Background of the Invention

5 (1) Field of the Invention

The present invention relates to an olefin resin composition for injection molding. More particularly, the

present invention relates to an olefin resin composition for injection molding, which comprises an ultra-high-

molecular-weight polyethylene, can be injection-molded and has excellent sliding characteristics, excellent

w abrasion resistance, improved heat resistance and improved rigidity in combination.

(2) Description of the Related Art

Ultra-high-molecular-weight polyethylene is excellent in impact strength, abrasion resistance, chemical

75 resistance and tensile strength over general-purpose polyethylene and the application field of ultra-high-

molecular-weight polyethylene as an engineering plastic material is being expanded. However, ultra-high-

molecular-weight polyethylene has a much higher melt viscosity and a lower flowability than general-

purpose polyethylene, and therefore, molding of ultra-high-molecular-weight polyethylene by ordinary

extrusion molding or injection molding is very difficult. Accordingly, ultra-high-molecular-weight polyethylene

20 is practically molded by compression molding, and on rare occasions, the polymer is molded into rods or

the like at a low speed by extrusion molding.

If ultra-high-molecular-weight polyethylene inferior in the melt flowability is molded by injection molding,

a shear fracture flow is generated while the resin is filled in a cavity of a mold and mica-like delamination is

caused in the molded body, and therefore, a molded article exerting excellent characteristics of ultra-high-

25 molecular-weight polyethylene cannot be obtained. Namely, the molded article is inferior to a molded article

of general-purpose polyethylene.

As the injection molding method in which delamination is not caused, we previously proposed a method

in which before injection molding of the resin or after completion of injection molding, the volume of a mold

cavity is slightly increased and the mold is compressed to a predetermined volume (see Japanese Patent

30 Publication No. 57-30067 and Japanese Patent Publication No. 60-58010). If this method is adopted, an

injection-molded article having inherent excellent characteristics of ultra-high-molecular-weight polyethylene,

such as high impact strength and high abrasion resistance, can be obtained without occurrence of

delamination. However, an injection molding machine provided with a mechanism for changing the volume

of a mold cavity should be used for carrying out injection molding according to this method, and an

35 injection molding machine for general-purpose polyethylene cannot be directly used.

As the method for improving the melt flowability of an ultra-high-molecular-weight polyolefin, there have

been proposed various methods in which an ultra-high-molecular-weight polyolefin, is mixed with a low-

molecular-weight or high-molecular-weight polyolefin.

EP-A-0274536 which was not published until after the latest priority date claimed in the present

40 application described polyolefin compositions for injection moulding which comprise superhigh and low to

high molecular weight polyethylenes.

Summary of the Invention

45 We found that an olefin resin composition comprising ultra-high-molecular-weight polyethylene having

an intrinsic viscosity of 10 to 40 dl/g as measured in decalin as the solvent at 135 *C and low-molecular-

weight or high-molecular-weight polyethylene having an intrinsic viscosity lower than that of the ultra-high-

molecular-weight polyethylene, in which the ultra-high-molecular-weight polyethylene is present in an

amount of 15 to 40% by weight based on the sum of both of the polyethylenes, the intrinsic viscosity fo]c of

so the entire composition is 3.5 to 15 dt/g and the melt torque T of the combination of both the polyethylenes

is lower than 4.5 kg .cm, can be easily molded by using a general-purpose injection molding machine

without substantial decrease of excellent sliding characteristics, abrasion resistance, impact strength,

chemical resistance and tensile strength inherently possessed by ultra-high-molecular-weight polyethylene,

and that if a predetermined amount of an additive such as a filler is incorporated into this olefin resin

55 composition, various properties such as heat resistance, rigidity, impact strength, self-lubricating property,

abrasion resistance and moldability can be improved without substantial decrease of the most characteristic

properties of the above-mentioned olefin resin composition, that is, such sliding characteristics as (1) the

abrasion coefficient, (2) the dynamic friction coefficient and (3) the critical PV value.
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It is therefore a primary object of the present invention to provide an ultra-high-molecular-weight

polyolefin composition which can be easily injection-molded into mechanical, electric or electronic parts, for

which a high precision is required, without substantial decrease of excellent mechanical properties, abrasion

resistance and sliding characteristics inherently possessed by the ultra-high-molecular-weight polyolefin,

and which gives a molded article improved in heat resistance, rigidity, impact strength, self-lubricating

property and abrasion resistance.

Another object of the present invention is to provide a sliding material which can be easily injection-

molded into a part having a high mechanical precision and gives a molded article having excellent self-

lubricating property, abrasion resistance and light weight in combination.

More specifically, in accordance with the present invention, there is provided an olefin resin composition

for injection molding, which comprises (A) an olefin resin composition comprising ultra-high-molecular-

weight polyethylene having an intrinsic viscosity of 10 to 40 dl/g as measured in decalin as the solvent at

135°C and low-molecular-weight or high-molecular-weight polyethylene having an intrinsic viscosity lower

than that of the ultra-high-molecular-weight polyethylene, in which the ultra-high-molecular-weight polyethyl-

ene is present in an amount of 15 to 40% by weight based on the sum of both of the polyethylenes and the

two polyethylenes as a whole have an intrinsic viscosity fajc of 3.5 to 15 dl/g and a melt torque T lower

than 4.5 kg.cm, and (B) 1 to 70% by weight, based on the olefin resin composition, of an addition selected

from the group consisting of fine particulate inorganic fillers, fibrous fillers and liquid and solid lubricants.

Furthermore, in accordance with the present invention, there is provided a sliding material which

comprises an olefin resin composition comprising ultra-high-molecular-weight polyethylene having an

intrinsic viscosity of 10 to 40 dl/g as measured in decalin as the solvent at 135*C and low-mcrtecular-

weight or high-molecular-weight polyethylene having an intrinsic viscosity lower than that of the ultra-high-

molecular-weight polyethylene, in which the ultra-high-molecular-weight polyethylene is present in an

amount of 1 5 to 40% by weight based on the sum of both of the polyethylenes and the two polyethylenes

as a whole have an intrinsic viscosity fo]c of 3.5 to 15 dl/g and a melt torque T lower than 4.5 kg.cm, and 1

to 70% by weight, based on the olefin resin composition, of a liquid or solid lubricant.

Detailed Description of the Preferred Embodiments

In the composition of the present invention, ultra-high-molecular-weight polyethylene has excellent

sliding characteristics such as a low abrasion coefficient, a low dynamic friction coefficient and a large

critical PV value and is excellent in impact strength, tensile strength and chemical resistance, and therefore,

ultra-high-molecular-weight polyethylene is an indispensable component, It is important that this ultra-high-

molecular-weight polyethylene should have an intrinsic viscosity h]u, as measured in decalin as the solvent

35 (the intrinsic viscosity referred to herein is one determined according to this method), of 10 to 40 dl/g,

especially 15 to 35 dl/g. If fo]u is too low and below the above-mentioned range, the sliding characteristics

and mechanical properties are poorer than those of ultra-high-molecular-weight polyethylene having h]u

within the above-mentioned range. If fo]u exceeds the above-mentioned range, even though the ultra-high-

molecular-weight polyethylene is combined with a component described hereinafter, the injection mol-

40 dability is degraded, and in the obtained molded article, the appearance is degraded and a flow mark or the

like is formed, and laminar peeling is readily caused and abrasion resistance characteristics are degraded.

Low-molecular-weight or high-molecular-weight polyethylene having a intrinsic viscosity lower than that

of the ultra-high-molecular-weight polyethylene, which is used in the present invention, is an indispensable

component for imparting an injection moldability to the ultra-high-molecular-weight polyethylene. In order to

45 maintain the intrinsic viscosity and melt torque of the composition as a whole within the ranges specified in

the present invention, it is preferred that the intrinsic viscosity fo]h, as determined according to the method

described in detail hereinafter, be 0.1 to 5 dl/g, especially 0.5 to 3 dl/g. If fo]h is too low and below the

above-mentioned range, bleeding or other defect appears on the surface of the molded article, and if fo]h

exceeds the above-mentioned range, the melt flowability is degraded and the moldability of the composition

so as a whole tends to be degraded.

If the ultra-high-molecular-weight polyethylene is combined with the low-molecular-weight or high-

molecular-weight polyethylene under specific conditions, a low friction coefficient, a low abrasion coefficient

and a large critical PV value can be imparted to the composition while imparting an excellent injection

moldability to the composition. First of all, the ultra-high-molecular-weight polyethylene should be present in

55 an amount of 15 to 40% by weight, especially 20 to 35% by weight, based on the entire olefin resin

composition. If the amount of the ultra-high-molecular-weight polyethylene is too small and below the

above-mentioned range, the composition is inferior in the friction coefficient and abrasion resistance to the

composition comprising the ultra-high-molecular-weight polyethylene in an amount within the above-
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mentioned range. If the amount of the ultra-high-molecular-weight polyethylene exceeds the above-

mentioned range, the moldability is degraded and delamination is caused, resulting in reduction of the

abrasion resistance.

This olefin composition as a whole should have an intrinsic viscosity h]c of 3.5 to 15 dJl/g, especially

5 4.0 to 10 di/g. If |>?]c is too low and below the above-mentioned range, the composition is inferior in the

dynamic friction coefficient and abrasion resistance to the composition having fo]c within the above-

mentioned range. If fo]c exceeds the above-mentioned range, both of the moldability and the abrasion

resistance, due to delamination, are degraded. The melt torque T referred to in the instant specification and

appended claims is a value measured at a temperature of 240 - C under a pressure of 5 kg/cm2 at an

io amplitude of ±3 ° and a frequency of 6 CPM by using JSR Curastometer (supplied by Imanaka Kikai Kogyo

K.K.). An ordinary screw cannot transport a composition having a melt torque T higher than 4.5 kg.cm, and

this composition cannot be injection-molded by a general-purpose injection molding machine. Accordingly,

the melt torque T should be lower than 4.5 kg.cm.

The composition of the present invention comprises the above-mentioned olefin resin composition and,

75 incorporated therein, an additive selected from the group consisting of fine particulate inorganic fillers,

fibrous fillers and liquid and solid lubricants. Namely, by incorporating the above-mentioned additive into the

olefin resin composition in an amount of 1 to 70% by weight based on the olefin resin composition, the

injection moldability of the composition and the heat resistance, rigidity, impact resistance, self-lubricating

property and abrasion resistance of the molded article can be improved without decrease of the above-

20 mentioned characteristics inherently possessed by the olefin resin composition.

In general, in order to attain a extender effect or to improve the impact strength, heat resistance,

abrasion resistance and electrically insulating property, fillers are often incorporated in molded plastic

articles. In the composition of the present invention comprising an olefin resin composition comprising ultra-

high-molecular-weight polyethylene and low-molecular-weight or high-molecular-weight polyethylene and a

25 fine particulate inorganic filler, the heat resistance expressed by the heat distortion temperature is

sometimes increased by more than about 40 ° C as composed with that of the filler-free composition and the

rigidity expressed by the flexural elastic modulus is almost doubled. Moreover, such unexpected improve-

ments of the characteristics can be attained without substantial decrease of excellent sliding characteristics

inherently possessed by the olefin resin composition, such as (1) a low abrasion coefficient, (2) a low

30 dynamic friction coefficient and (3) a high critical PV value.

Furthermore, by incorporating a fine particulate inorganic filler into the specific olefin resin composition,

the dimension stability of the injection-molded article is improved, and formation of defects often observed

on injection-molded articles, such as so-called "sink mark" and "warpage", can be reduced, whereby the

appearance characteristics and mechanical precision of the molded article can be improved. Moreover, the

35 molding cycle can be shortened. Thus, prominent advantages can be attained with respect to the

moldability.

It also is important that the amount incorporated to the filler should be within the above-mentioned

range. If the amount incorporated of the filler is too small and below the above-mentioned range, the degree

of the improvement of the heat resistance, rigidity and moldability is lower than in the molded article in

40 which the filler is incorporated in an amount within the above-mentioned range. If the amount incorporated

of the filler exceeds the above-mentioned range, the melt flowability is reduced and the injection moldability

is degraded, and also the sliding characteristics of the molded article are degraded.

In the present invention, if a fibrous filler is used, the above-mentioned advantages attained by the fine

particulate inorganic filler are similarly attained, and furthermore, the mechanical properties such as the

45 tensile strength are prominently improved and also the impact strength is prominently improved.

Moreover, in the present invention, if a liquid or solid lubricant is incorporated into the above-mentioned

olefin resin composition, the dynamic friction coefficient and abrasion coefficient can be further reduced

without degradation of excellent characteristics inherently possessed by the olefin resin composition, such

as excellent injection moldability, self-lubricating property, abrasion resistance, impact strength and me-

50 chanical strength.

The lubricant should be incorporated in an amount within the above-mentioned range. If the amount

incorporated of the lubricant is too small and below the above-mentioned range, the effect of improving the

dynamic friction coefficient or abrasion resistance is lower than the effect attained when the lubricant is

incorporated in an amount within the above-mentioned range. If the amount incorporated of the lubricant

55 exceeds the above-mentioned range, the mechanical strength or elastic modulus of the sliding material

degrades much as compared with the sliding material in which the lubricant is incorporated in an amount

within the above-mentioned range.

The present invention will now be described in detail.
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Olefin Resin Composition

Each of ultra-high-molecular-weight polyethylene and low-molecular-weight or high-molecular-weight

polyethylene used in the present invention is a homopolymer of ethylene or a copolymer of ethylene as the

5 main component with other a-olefin such as propylene, 1-butene, 1-pentene, 1-hexene, 1-octene, decene, 1-

dodecene, 4-methyl-1 -pentene or 3-methyl-1-pentene.

The olefin resin composition used in the present invention can be prepared by mixing the above-

mentioned ultra-high-molecular-weight polyethylene and low-molecular-weight or high-molecular-weight

polyethylene at the above-mentioned mixing ratio and melt-kneading the mixture. In order to form a

io homogeneous composition, it is especially preferred that a multi-staged polymerization be adopted for the

preparation. More specifically, an olefin composed mainly of ethylene is polymerized in the presence of a

Ziegler catalyst comprising a highly active solid titanium catalyst component and an organic aluminum

compound catalyst component in the absence of hydrogen to form ultra-high-molecular-weight polyethyl-

ene, and the above-mentioned olefin is polymerized in the presence of hydrogen to form low-molecular-

75 weight or high-molecular-weight polyethylene. A highly active solid titanium catalyst component comprising

magnesium, titanium and halogen as indispensable ingredients is especially preferred.

The specific Ziegler catalyst used is a catalyst of a specific state, which is formed in principle, of a solid

titanium catalyst component and an organic aluminum compound catalyst component. As the solid titanium

catalyst component, there is preferably used, for example, a highly active, fine powdery catalyst component

20 having a narrow particle size distribution and an average particle size of about 0.01 to about 5 n and

comprising several fine spheres bonded to one another. The highly active, fine powdery titanium catalyst

component having such a specific state can be prepared by strictly adjusting precipitation conditions when

a solid product is precipitated by contacting a magnesium compound in the liquid state with a titanium

compound in the liquid state, for example, in the preparation of a solid titanium catalyst component

25 disclosed in Japanese Patent Application Laid-Open Specification No. 811/81. More specifically, in the

process disclosed in the above-mentioned laid-open specification, a hydrocarbon solution containing

magnesium chloride and a higher alcohol is mixed with titanium tetrachloride at a low temperature and the

temperature is elevated to about 50 to about 100*C to precipitate a solid product, and at this precipitation

step of this process, a monocarboxylic acid ester is made present in a minute amount of about 0.01 to

30 about 0.2 mole per mole of magnesium chloride and the precipitation is effected under a strong stirring. If

necessary, the precipitated solid product may be washed with titanium tetrachloride. Thus, a solid catalyst

component satisfactory in both of the activity and the particulate state can be obtained. In this catalyst

component, for example, titanium is contained in an amount of about 1 to about 6% by weight, and the

halogen/titanium atomic ratio is from about 5 to about 90 and the magnesium/titanium atomic ratio is from

35 about 4 to about 50.

A fine sphere having a narrow particle size distribution and an average particle size of 0.01 to 5 u,

preferably 0.05 to 3 u, which is obtained by subjecting the so-prepared solid titanium catalyst component to

a shearing treatment at a high speed, can also be preferably used as the highly active, fine powdery

titanium catalyst component. More specifically, for this high-speed shearing treatment, there is adopted a

40 method in which a slurry of the solid titanium catalyst component is treated in an inert gas atmosphere for

an appropriate time by using a commercially available homomixer. In this method, in order to prevent

reduction of the catalytic activity, an organic aluminum compound can be added in an equimolar amount to

titanium in advance. Furthermore, there can be adopted a method in which the treated slurry is filtered

through a sieve to remove coarse particles. The above-mentioned highly active, fine powdery titanium

45 catalyst component having a very fine particle size can be obtained through the foregoing methods.

As the organic aluminum compound catalyst component, there are preferably used, for example, trialkyl

aluminum compounds such as triethyl aluminum and triisobutyl aluminum, dialkyl aluminum chlorides such

as diethyl aluminum chloride and diisobutyl aluminum chloride, alkyl aluminum sesquichlorides such as

ethyl aluminum sesquichloride, and mixtures thereof.

so At the polymerization step for formation of the ultra-high-molecular-weight polyethylene, it is preferred

that the highly active titanium catalyst component (A) be used in an amount of about 0.001 to about 20

milligram-atoms, especially about 0.005 to about 10 milligram-atoms, as the titanium atom per liter of the

medium, and the organic aluminum compound catalyst component (B) be used in an amount corresponding

to an Al/Ti atomic ratio of from about 0.1 to about 1000, especially from about 1 to about 500. The

55 temperature adopted at the polymerization step for formation of the ultra-high-molecular-weight polyethyl-

ene is ordinarily about -20 to about 120 W C and preferably about 0 to about 100*C. It is especially preferred

that this temperature be about 5 to about 95 *C. The pressure adopted for the polymerization is a pressure

under which liquid phase polymerization or gas phase polymerization can be carried out at the above-
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mentioned polymerization temperature. For example, a pressure in the range of from atmospheric pressure

to about 100 kg/cm2 is generally adopted, and a pressure in the range of from atmospheric pressure to

about 50 kg/cm2 is preferred. The polymerization time at the polymerization step is set so that the amount

of the formed ultra-high-molecular-weight polyethylene is at least about 1000 g, preferably at least about

2000 g per milligram-atom of titanium in the highly active titanium catalyst component. In order to form the

ultra-high-molecular-weight polyethylene at the polymerization step, it is preferred that the polymerization

reaction be carried out in the absence of hydrogen. After the polymerization reaction, the formed polymer

can be once isolated in an inert medium atmosphere and stored.

As the inert medium that can be used at the polymerization step for formation of the ultra-hign-

molecuiar-weight polyethylene, there can be mentioned, for example, aliphatic hydrocarbons such as

propane butane, pentane. hexane, heptane, octane, decane and kerosene, alicyclic hydrocarbons such as

cyclopentane and cyclohexane. aromatic hydrocarbons such as benzene, toluene and xylene, halogenated

hydrocarbons such as dichloroethane. methylene chloride and chlorobenzene. and mixtures thereof. Use of

an aliphatic hydrocarbon is especially preferred.

In the production of the olefin resin composition of the present invention, at the polymerization step

other than the polymerization step for formation of the ultra-high-molecular-weight polyethylene, the

polymerization reaction of the remaining olefin is carried out in the presence of hydrogen.

At the polymerization step other than the polymerization step for formation of the ultra-high-molecular-

weight polyethylene, hydrogen is fed in an amount of 0.01 to 50 moles, preferably 0.05 to 30 moles, per

mole of the olefin fed at this polymerization step.

At the polymerization step other than the polymerization step for formation of the ultra-high-molecular-

weiqht polyethylene, it is preferred that the concentrations of the respective catalyst components in the

polymerization reaction liquid in the polymerization vessel be such that the above-mentioned treated

catalyst is contained in an amount of about 0.001 to about 0.1 milligram-atom, preferably about 0.005 to

about 0 1 milligram-atom, as the titanium atom per liter of the polymerization liquid and the AI/Ti atomic

ratio in the polymerization mixture is from about 1 to about 1000, preferably from about 2 to about 500.

Accordingly the organic aluminum compound catalyst component (B) can be additionally supplied for the

above-mentioned purpose. In order to adjust the molecular weight and molecular weight distribution,

hydrogen, an electron donor and a halogenated hydrocarbon can be made present in the polymerization

reaction mixture.

The polymerization temperature is within a range where slurry polymerization or gas phase polymeriza-

tion is possible. Namely, the polymerization temperature is at least about 40 -C, preferably about 50 to

about 100-C A polymerization pressure of from atmospheric pressure to about 100 kg/cm2
,
especially from

atmospheric pressure to about 50 kg/cm2 , is recommended. The polymerization time is set so that the

amount of the formed polymer is at least 1000 g. preferably at least about 5000 g, per milligram-atom of

titanium in the titanium catalyst component.

In the above-mentioned process, polymerization to ultra-high-molecular-weight polyethylene is carried

out at the first stage and polymerization to low-molecular-weight or high-molecular-weight polyethylene is

carried out at the second and subsequent stages. It will be understood that this polymerization order can be

reversed.

Fine Particulate Inorganic Filler

As the fine particulate inorganic filler (B) used in the present invention, there can be mentioned silicas

such as dry method amorphous silica (Aerosil). wet method amorphous silica (white carbon), crystalline

silica (cristobalite or quartz) and diatomaceous earth, aluminas such as a-alumina, aluminum hydroxide and

alumina gel (gibbsite or boehmite). aluminum silicates such as synthetic aluminum silicate (amorphous) and

natural aluminum silicate (kaolin or calcined kaolin), natural magnesium silicate (talc), synthetic magnesium

silicate synthetic basic magnesium silicate, natural and synthetic smectites clay minerals (bentonite and

montmorillonite) synthetic aluminosilicates (zeolite), alkaline earth metal salts such as calcium carbonate,

magnesium carbonate and barium sulfate, and magnesium oxide and magnesium hydroxide.

It is generally preferred that the fine particulate inorganic filler used in the present invention should have

a median diameter of 0.1 to 30 urn, particularly 0.5 to 10 urn (Colter counter method).

The fine particulate inorganic filler is incorporated in the olefin resin composition in an amount of 1 to

70% by weight, preferably 5 to 50% by weight, especially preferably 10 to 30% by weight.

6



EP 0 315 481 B1

Fibrous Filler

Known fibrous fillers can be used as the fibrous filler (B) in the present invention without any limitation.

For example, there can be mentioned a glass fiber, a carbon fiber, a boron fiber, a potassium titanate

5 whisker, metal fibers such as a stainless steel fiber and an aluminum fiber, an aramid fiber, a polyester fiber

and a polyamide fiber.

The fibrous filler has a fiber diameter of 1 to 50 urn, preferably 5 to 15 urn, and a fiber length of 1 to 10

mm, preferably 3 to 6 mm, and the aspect ratio is 200 to 10000, preferably 400 to 1200.

In the olefin resin composition of the present invention, the fibrous filler is incorporated in an amount of

w 1 to 70 parts by weight, preferably 3 to 50 parts by weight, especially preferably 5 to 30 parts by weight,

per 100 parts by weight of the above-mentioned olefin resin composition (A) comprising the ultra-high-

molecular-weight polyethylene and the low-molecular-weight or high-molecular-weight polyethylene. If the

amount of the fibrous filler exceeds 70 parts by weight per 100 parts by weight of the olefin resin

composition (A), the apparent melt viscosity increases and the injection moldability is degraded, and the

75 weld strength of the molded article is degraded.

Liquid or Solid Lubricant

Petroleum type lubricating oils and synthetic lubricating oils can be used as the liquid lubricant (B) in

20 the present invention. As the petroleum type lubricating oil, there can be used liquid paraffin, spindle oil,

freezer oil, dynamo oil, turbine oil, machine oil and cylinder oil. As the synthetic lubricating oil, there can be

used synthetic hydrocarbon oil, polyglycol oil, polyphenyl ether oil, ester oil, phosphoric acid ester oil,

polychlorotrifluoroethylene oil, fluoroester oil, chlorinated biphenyl oil and silicone oil.

As the lubricating oil having a good compatibility with the olefin resin composition and being especially

25 effective for improving the lubricating property, there can be mentioned a synthetic lubricating oil composed

of an ethylene/a-olefin copolymer having an ethylene content of 20 to 80 mole%, especially 30 to 70

mole%, and a number average molecular weight of 500 to 10000, especially 1000 to 5000. Propylene is

preferred as the a-olefin component of this synthetic lubricating oil, but other o-olefins having up to 20

carbon atoms, especially up to 14 carbon atoms, can be used. It is preferred that the Q value (weight

30 average molecular weight/number average molecular weight ratio) be up to 4, especially up to 3. This

synthetic lubricating oil is characterized by a viscosity index of at least 120 and a dynamic viscosity of 10 to

2000 est as measured at 100*C. The structure, characteristics and preparation process of this synthetic

lubricating oil are described in detail in Japanese Patent Application Laid-Open Specifications No.

117595/82 and No. 123205/82.

35 As the solid lubricant or sliding filler (B), there are mainly used graphite and molybdenum disulfide.

Furthermore, there can be used boron nitride, tungsten disulfide, lead oxide, glass powder and metal soap.

Still further, there can be used powders of fluorine resins such as a polytetrafluoroethylene resin (PTFE), an

ethylene tetrafluoride/propylene hexafluoride copolymer resin (FEP), an ethylene

tetrafluoride/perfluoroalkoxyethylene copolymer resin (PFA), a trifluorochloroethylene resin (PCTFE), an

40 ethylene tetrafluoride/ethylene copolymer resin (ETFE) and a vinylidene fluoride resin, and other polymeric

lubricant such as a polyphenylene sulfide resin powder. It is preferred that the sliding filler be used in the

powdery form, and it also is preferred that the particle size be 1 to 100um, especially 10 to 50 urn.

The solid lubricant can be used singly or in combination with a liquid lubricant. For example, the

lubricant can be incorporated in the form of, for example, a powder, a sol, a gel or a suspensoid in the

45 olefin resin composition.

It is preferred that the liquid lubricant can be incorporated in an amount of 1 to 20% by weight,

especially 2 to 5% by weight, based on the olefin resin composition. It is preferred that the solid lubricant

be incorporated in an amount of 1 to 70 parts by weight, especially 3 to 50 parts by weight, particularly

especially 5 to 30 parts by weight, per 100 parts by weight of the olefin resin composition (A).

50

Composition and Molding

In the present invention, the above-mentioned fine particulate inorganic filler, fibrous filler and liquid or

solid lubricant can be used singly or in the form of a mixture thereof.

55 In the composition of the present invention, it is important that the above-mentioned additive should be

dispersed in the olefin resin composition as finely and uniformly as possible. Fine dispersion can be

accomplished by supplying the olefin resin composition and the additive to a single-screw or twin-screw

extruding kneader and melt-kneading the mixture. Of course, known additives for olefin resins, such as an

7
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antioxidant, a release agent and a pigment, can be incorporated at this mixing and kneading step according

*° 3

It"is^nrof prominent advantages of the present invention that the so-formed composition can be

molded by using a general-purpose injection molding machine. The injection molding conditions are not

particularly critical. However, it is generally preferred that injection molding be carried out at a cylinder

temperature of 200 to 290'C under an injection pressure of 1000 to 4000 kg/cm*. Of course, mjection

molding can be carried out in one stage or a plurality of stages.
t~ -hir-h

The composition of the present invention can be valuably used for various machine parts for wh.ch

sliding characteristics are required, especially sliding parts, for example, various bearings, o.lless bearings,

joints qears. cams, sliders, rollers, reels, cylinders, pistons and the like.
^ , ,.

Since the composition of the present invention comprises, as a base material, a specific olefin resin

composition comprising ultra-high-molecular-weight polyethylene and low-molecular-weight or h.gh-molecu-

lar-weight polyethylene, the composition of the present invention can be molded into a machine part or the

like at a high precision while retaining excellent characteristics inherently possessed by ultra-high-

molecular-weight polyethylene. By incorporating a specific amount of a fine particulate inorganic filler into

this olefin resin composition, the heat distortion temperature and flexural elastic modulus can be improved

without substantial decrease of excellent characteristics of the olefin resin composition, such as a low wear

coefficient a low dynamic friction coefficient and a large critical PV value, and occurrence of sink mark

and "warpage" can be prevented. Thus, the heat resistance, rigidity and moldability can be prominently

'mP,
|n

V

the case where a fibrous filler is incorporated in the olefin resin composition, the above-mentioned

advantages can be similarly attained and. furthermore, the tensile strength and impact strength are highly

'^Moreover since the composition of the present invention comprises, as a base material, a specific

olefin resin composition comprising ultra-high-molecular-weight polyethylene and low-molecular-we.ght or

hioh-molecular-weight polyethylene, ttie composition of the present invention can be molded into a sliding

part having a mechanical precision while retaining excellent self-lubricant property, abrasion res.stance,

impact strength inherently possessed by ultra-high-molecular-weight polyethylene and by incorporating a

liquid or solid lubricant into this olefin resin composition, the dynamic friction coefficient and abrasion

coefficient can be highly improved.

The present invention will now be described in detail with reference to the following examples that by

no means limit the scope of the invention.
- IU , „„ mathnH*

In the following examples, the physical properties were determined according to the following methods.

Tensile Test

The tensile test was carried out according to the method of ASTM D-638 by using a test piece of ASTM

No. 4 at a tensile speed of 50 mm/min. The tensile strength (YS: kg/cm*) at yield, the tensile strength (TS:

kg/cm2) at break and the elongation (EL: %) at break were determined.

1zod Impact Strength (kg - cm/cm)

The Izod impact strength was determined according to the method ASTM D-256 by using a notched

test piece.

Olsen Rigidity (kg/cm2)

The Olsen rigidity was determined according to the method of ASTM D-747.

Flexural Strength (kg/cm2
) and Flexural Elastic Modulus (kg/cm2)

The flexural strength and flexural elastic modulus were determined according to the method of ASTM

D-790.

Heat Distortion Temperature (' C)

The heat distortion temperature was measured under a load of 4.64 kg/cm2 by using a test piece having

a size of 12.7 mm x 12.7 mm x 127 mm and a heat distortion tester (supplied by Toyo Seiki) according to

8
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the method of ASTM D-648.

Dynamic Friction Coefficient

5 The dynamic friction test was carried out for 30 minutes under conditions of a compression load of 7.5

kg/cm2 and a slip speed of 12 m/min by using a Matsubara type frictional abrasion tester (supplied by

Toyo-Boldwin). The mating material was SUS 304 and the roughness of the sliding face was adjusted to 6s.

An injection-molded rectangular plate having a size of 130 mm x 120 mm x 2 mm was used as the test

piece.

10

Melting Critical PV Value (kg/cm2 » m/min)

In a Matsubara type frictional abrasion tester (supplied by Toyo-Boldwin), the slip speed was adjusted

to 12 m/min and the compression load was elevated from 2.5 kg/cm2 to 25 kg/cm2 stepwise at an interval of

15 2.5 kg/cm2
, and a resin was maintained for 30 minutes under each compression load and the PV value (load

x speed) at which the resin was molten by heat of friction was measured. The mating material was SUS 304

and the roughness of the sliding face was adjusted to 6s. An injection-molded rectangular plate having a

size of 130 mm x 120 mm x 2 mm was used as the test piece.

20 Frictional Abrasion Test

25

The frictional abrasion test was carried out for 168 hours under conditions of a compression load of 3.4

kg/cm2 and a slip speed of 30 m/min by using a Matsubara type frictional abrasion tester (supplied by

Toyo-Boldwin) and the abrasion coefficient (x 10~ 10 cm3/kg-m) was determined. The mating material was

SUS 304 and the roughness of the sliding face was adjusted to 6s. An injection-molded rectangular plate

having a size of 130 mm x 120 mm x 2 mm was used as the test piece.

Molding Shrinkage (%)

30 The length and width of an injection-molded rectangular plate having a size of 130 mm x 120 mm x 2

mm were measured and the shrinkage of the molded article was determined based on the size of a mold

according to the following formula:

35

40

f size of \ _ /

\ mold /

size of

molded article1
Shrinkage (%) x 100

size of mold

Intrinsic Viscosity bjh of Low -Molecular-Weight or High-Molecular-Weight Polyethylene in Olefin Resin

Composition

45

(1) The density du of the ultra-high-molecular-weight polyethylene and the density dc of the olefin resin

composition were measured, and the density dh of the low-molecular-weight or high-molecular-weight

polyethylene were determined according to the following formula:

50 d5
+ dh = 5c

wherein dh, dc and du are as defined above and a and b represent weight ratios of the ultra-high-

molecular-weight polyethylene and the low-molecular-weight or high-molecular-weight polyethylene in the

olefin resin composition, respectively.

55 (2) Various low-molecular-weight or high-molecular-weight polyethylene differing in the intrinsic viscosity

were prepared under the same conditions (inclusive of the monomer composition and the catalyst) as

adopted for the production of the low-molecular-weight or high-molecular-weight polyethylene, the

density dh of which was measured, except that the hydrogen partial pressure was changed, and with

9
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respect to the obtained polyethylenes, the relation between the intrinsic viscosity fo] and the density was

^ThTdensity dh obtained in (1) above, of the low-molecular-weight or high-molecular-weight polyeth-

ylene was regarded as the density satisfying the so-determined relation, and the corresponding intrinsic

viscosity fo]h was determined from this relation.

(3) The density of each sample was determined according to the following procedures. Two sets of

aminates comprising an aluminum sheet (3 mm x 300 mm x 300 mm), an asbestos sheet (5 mm x 250

mm x 250 mm), a stainless steel sheet (3 mm x 220 mm x 220 mm) and a polyester film, which were

piled in this order, were prepared. One set of the laminate was placed on a pressing face of a press

molding machine so that the polyester film was located above, a molding flame (2mm x 200 mm x
:

200

mm) was placed on this plate, and the other laminate was placed on the molding frame so that the

oolvester film was located below.

The sample was charged in the molding frame and the sample was molten at 190 ± 3- C under a

pressureless condition for 8 minutes and was then molded under a pressure of 300 kg/cm* for 5 minutes^

Then the sample was cooled to 60-C at a cooling speed of 15 ± 2-C and the sample was taken out. The

sample was hold in a thermostat oil tank maintained at 120 ± 0.2 -C for 1 hour, and the sample was cooled

toToom Temperature at a cooling speed of 1.5-C/min. Then, the sample was taken out and allowed to stand

still at room temperature for 1 hour, and the density of the sample was measured according to the density

gradient method (ASTM D-1 505).

The following examples illustrate the preparation of the olefin resin composition.

Example A

(Preparation of Catalyst)

A homogeneous solution was prepared by heating and reacting 47.6 g (0.5 mole) of anhydrous

magnesium^hloride, 0.25 1 of decalin and 0.23 I (1.5 moles) of 2-ethylhexyl alcohol at 130-C for 2!hu».

and 7 4 ml (50 millimoles) of ethyl benzoate was added to the solution. The homogeneous solution was

topped with stirring into 1.5 I of TiCU maintained at -5'C over a period of 1 hour. A separable^glass flaj

havina a capacity of 3 liters was used as the reaction vessel, and the stirring speed was adjusted to 950

Tpm After completion of the dropwise addition, the temperature was elevated to 90 • C and reactiojtwas

carried out at 90 -C for 2 hours. After termination of the reaction, the solid portion was collected by filtration

and sufficiently washed with hexane to obtain a highly active, fine powdery titanium catalyst component.

The catalyst component contained 3.8% by weight of the titanium atom.

(Polymerization)

Continuous polymerization was carried out by using a continuous two-staged polymerization apparatus

comprising two po.ymerization tanks having an inner volume of 220 t, which were connected to.each.other

in series To the first-stage polymerization tank (hereinafter referred to as "polymenzation tank 1 )
of the

continuous two-stage polymerization apparatus was added 130 l of n-hexane. and the temperature was

eTevaSd to 40-C Then, n-hexane at 35 l/hr, triethyl aluminum at 45 mM/hr. the titanium catalyst

component at 1.0 mi..igram-atom/hr as the titanium atom and ethylene gas at

introduced into the polymerization tank 1. The polymerization mixture slurry in the polymenzation tank 1

was fed to the second-stage polymerization tank (hereinafter referred to as "polymenzation tank 2 )
by

means of a pump so that the volume of the reaction mixture was always 130 i. The polymer.zat.on

pressure in the polymerization tank 1 was 4.8 kg/cm2G.

In addition to the polymerization mixture slurry fed from the polymerization tank 1, n-hexane at 25 l/hr

and ethvlene aas at 18 Nm^/hr were continuously introduced into the polymerization tank 2. Hydrogen gas

was appropriately introduced so that the ethylene/hydrogen molar ratio in the gas phase in the polymeriza-

tion tank 2 was 1000/30. The slurry formed by the polymerization reaction was intermittently withdrawn from

he bottom of the polymerization tank 2 by using a timer valve so that the level of the polymerization tank 2

was maintained at 120 t. The polymerization temperature in the polymerization tank 2 was 65 -C. and the

polymerization pressure was 4 kg/cm*G. The obtained polymer was separated from the solvent by a

centrifuqal separator and dried in an N2 current.

Then M and the content of each component of the obtained olefin resin composition, and [,] and the

melt torque T of the composition were measured according to the following methods.

The intrinsic viscosity h] was measured in decalin as the solvent at 135*C.

10
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The melt torque T was expressed by the torque of the sample in the molten state, which was measured

at a temperature of 240 • C under a pressure of 5 kg/cm2 at an amplitude of ±3 • and a vibration number of

6 cpm by using JSR Curastometer (supplied by Imanaka Kikai Kogyo).

It was found that the intrinsic viscosity fa]c of the olefin resin composition was 5.5 dt/g and the melt

5 torque T of the olefin resin composition was 1 .3 kg* cm.

Example B

(Preparation of Catalyst)

10

A homogeneous solution was prepared by heating and reacting 47.6 g (0.5 mole> of anhydrous

magnesium chloride, 0.25 I of decalin and 0.23 I (1.5 moles) of 2-ethylhexyl alcohol at 130'C for 2 hours,

and 7.4 ml (50 millimoles) of ethyl benzoate was added to the solution. The homogeneous solution was

dropped with stirring into 1.5 I of TiCJU maintained at -5'C over a period of 1 hour. A separable glass flask

75 having a capacity of 3 liters was used as the reaction vessel, and the stirring speed was adjusted to 950

rpm. After completion of the dropwise addition, the temperature was elevated to 90 °C and reaction was

carried out 90 *C for 2 hours. After termination of the reaction, the solid portion was collected by filtration

and sufficiently washed with hexane to obtain a highly active, fine powdery titanium catalyst component.

The catalyst component contained 3.8% by weight of the titanium atom.

20

(Polymerization)

Continuous polymerization was carried out by using a continuous two-staged polymerization apparatus

comprising two polymerization tanks having an inner volume of 220 I , which were connected to each other

25 in series. To the first-stage polymerization tank (hereinafter referred to as "polymerization tank 1
") of the

continuous two-staged polymerization apparatus was added 130 I of n-hexane, and the temperature was

elevated to 60 *C. Then, n-hexane at 35l/hr, triethyl aluminum at 45 mM/hr, the titanium catalyst

component at 1 .0 milligram-atom/hr as the titanium atom and ethylene gas at 4.3 Nm3/hr were continuously

introduced into the polymerization tank 1. The polymerization mixture slurry in the polymerization tank 1

30 was fed to the second-stage polymerization tank (hereinafter referred to as "polymerization tank 2") by

means of a pump so that the volume of the reaction mixture was always 130 1. The polymerization

pressure in the polymerization tank 1 was 4.7 kg/cm2G.

In addition to the polymerization mixture slurry fed from the polymerization tank 1, n-hexane at 25 1/hr

and ethylene gas at 1 1 .2 Nm3/hr were continuously introduced into the polymerization tank 2. Hydrogen gas

35 was appropriately introduced so that the ethylene/hydrogen molar ratio in the gas phase in the polymeriza-

tion tank 2 was 1000/30. The slurry formed by the polymerization reaction was intermittently withdrawn from

the bottom of the polymerization tank 2 by using a timer valve so that the level of the polymerization tank 2

was maintained at 120 i. The polymerization temperature in the polymerization tank 2 was 85 *C, and the

polymerization pressure was 7.2 kg/cm2G. The obtained polymer was separated from the solvent by a

40 centrifugal separator and dried in an N2 current.

Then, fa] and the content of each component of the obtained olefin resin composition, and fa] and the

melt torque T of the composition were measured according to the following methods.

The intrinsic viscosity fa] was measured in decalin as the solvent 135 - C.

The melt torque T was expressed by the torque of the sample in the molten state, which was measured

45 at a temperature of 240 0 C under a pressure of 5 kg/cm2 at an amplitude of 3 * and a vibration number of 6

cpm by using JSR Curastometer (supplied by Imanaka Kikai Kogyo).

It was found that the intrinsic viscosity fa]c of the olefin resin composition was 5.4 dt/g and the melt

torque T of the olefin resin composition was 1.4 kg- cm .

50 Example 1

Sample 1

By a Henschel mixer, 100 parts by weight of the olefin resin composition obtained in Example A, which

55 had fa]c of 5.5 dl/g, a density of 0.968 g/cc and a melt torque T of 1.3 kg-cm was mixed with 10 parts by

weight of talc having an average particle size of 1.75 urn (Hi-Filler #5000PJ supplied by Matsumura

Sangyo) as the inorganic filler, and the mixture was pelletized by a single-screw extruder and various test

pieces were formed by an injection molding machine (Model IS-50 supplied by Toshiba Kikai) under the

11
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10

15

20

25

following conditions.

Injection Molding Conditions

Cylinder temperature (-C): 200/230/270/270

Injection pressure (kg/cm2
): primary/secondary = 1200/800

Screw revolution (rpm): 97

Mold temperature ( • C): 27 (water-cooled)

The obtained results are shown in Table 1.

Sample 2

The procedures for formation of sample 1 were repeated in the same manner except that the amount

filled of talc was changed to 30 parts by weight.

Sample 3

The procedures for formation of sample 1 were repeated in the same manner except that the olefin

resin composition (A) in which the filler was not incorporated was used.

Sample 4

The procedures for formation of sample 1 were repeated in the same manner except that the amount

filled of talc was changed to 80 parts by weight and the mixture was pelletized by a tw.n-screw extruder.

Since the amount filled of talc was too large, the sliding characteristics were drastically degraded, and it

was found that the composition was not suitable for practical use.

30

35

40

45

50

55
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The obtained results are shown in Table 1
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Example 2

50

Sample 1

By a Henschel mixer, 100 parts by weight of the olefin resin composition obtained in Example A, which

had [ij]c of 5.5 dt/g, a density of 0.968 g/cc and a melt torque T of 1.3 kg/cm was mixed with 2 parts by

55 weight of an ethylene/a-olefin copolymer synthetic oil having a molecular weight of 1300 and a dynamic

viscosity of 100 est as measured at 100*C (Lucant HC-100 supplied by Mitsui Petrochemical Industries,

Ltd.) as the liquid lubricant, and the mixture was pelletized by a single-screw extruder.and a rectangular

plate having a size of (130 mm x 120 mm x 2 mm) was formed by using an injection molding machine
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(Model IS-50 supplied by Toshiba Kikai) under the following conditions and the plate was machined to

prepare a test piece.

Injection Molding Conditions

Cylinder temperature (-C): 200/230/270/270

Injection pressure (kg/cm2
): primary/secondary = 1000/800

Screw revolution (rpm): 97

Mold temperature (*C): 27 (water-cooled)

Sample 2

The procedures for formation of sample 1 were repeated in the same manner except that the amount

incorporated of the lubricating oil was changed to 10 parts by weight.

Sample 3

The procedures for formation of sample 1 were repeated in the same manner except that the amount

incorporated of the lubricating oil was changed to 0.3 part by weight.S the amount of the lubricating oil was too small, no substantial .mprovement of the shd.ng

characteristics was observed.

Sample 4

The procedures for formation of sample 1 were repeated in the same manner except that 2j
parts by

weiah7of graphite having a carbon content of 99.0%, an average particle size of 6 urn a specific surface

Irea of 15fS n?/g and a bulk density of 0.18 g/cc (ACP#1000 supplied by Nippon Kokuen Kogyo) was

used as the solid lubricant.

30 Sample 5

The procedures for formation of sample 4 were repeated in the same manner except that the amount

incorporated of graphite was changed to 10 parts by weight.

35 Sample 6

The procedures for formation of sample 4 were repeated in the same manner except that the amount

inmmorated of araphite was changed to 0.3 part by weight.

Si^cftne amount of the graphite was too small, no substantial improvement of the shd.ng characters

40 tics was observed.

Example 7

The procedures for formation of sample 1 were repeated in the same manner except that the olefin

45 resin composition A in which the lubricant was not incorporated was used.

10

15

20

25

50

55
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The obtained results are shown in Table 2.
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10

Example 3

Sample 1

By a Henschel mixer, 100 parts by weight of the olefin resin composition obtained in Example B was

mixed with 0 1 part of weight of tetrakis(methylene(3.5-di-tert-butyl-4-h^

Jganox 1010 supplied by Nippon Ciba-Geigy) as the additive. 0.1 part by weight of tetrak,s(2 4-aV*rt-

bu1ylpheny.)-4,4-biphenyiene
diphosphite (Sandostab P-EPQ supplied Sandoz) as the addrt.ve 0.12 part of

weight of calcium stearate (supplied by Nippon Yushi) as the additive and 20 parts by weight of a glass

fiber (CS6PE-921 supplied by Nitto Boseki) as the fibrous filler, and the mixture was supplied to a twin-

screw extruder having an UD ratio of 28 and a diameter of 45 mm and kneaded and granulated by passing

the mixture through the extruder once at 220'C and 100 rpm. The formed pel let was rnokJed jntc
,

a

rectangular plate having a size of 130 mm x 120 mm x 2 mm by using an mject.on mold.ng machine (Model

S-50 supplied by Toshiba Kikai) under the following conditions. The molded plate was machined to form a

15 test piece.

Injection Molding Conditions

Cylinder temperature (-C): 200/230/270/270

so Injection pressure (kg/cm2): primary/secondary = 1000/800

Cycle (sec): primary/secondary/cooling = 5/3/25

Injection speed: 2/10

Screw revolution (rpm): 97

Mold temperature ('C): 32 (water-cooled)

25 The obtained results are shown in Table 3.

Samples 2 and 3

The procedures for formation of sample 1 were repeated in the same manner except that the amount

used of the glass fiber was changed to 10 parts by weight or 30 parts by weight.

The obtained results are shown in Table 3.

Sample 4

The procedures for formation of sample 1 were repeated in the same manner except that 20 parts by

weight off a carbon fiber (Kureka Chop C-103 supplied by Kureha Kagaku Kogyo) was used as the fibrous

30

35

filler.

The obtained results are shown in Table 3.

40 Samples 5 and 6

The procedures for formation of sample 1 were repeated in the same manner except that the amount of

the glass fiber was changed to 0 or 80 parts by weight.

45

50

55
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The obtained results are shown in Table 3.
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Example 4

Sample 1

s By a Henschel mixer, 100 parts by weight of the olefin resin composition obtained in Example B was

mixed with 0 1 part of weight of tetrakis(methylene(3,5-di-tert-butyl-4-hydroxy)hydrocinnamate)methane

(Irqanox 1010 supplied by Nippon Ciba-Geigy) as the additive, 0.1 part by weight of tetrakis(2,4-d.-tert-

butylphenyl)-4 4-biphenylene diphosphite (Sandostab P-EPQ supplied by Sandoz) as the additive, 0.12 part

by weight of calcium stearate (supplied by Nippon Yushi) as the additive and 10 parts by weight of a

w qraphite powder (CSP supplied by Nippon Kokuen Kogyo) as the sliding filler, and the mixture was supplied

to a single-screw-extruder having an L/D ratio of 28 and a diameter of 25 mm and kneaded and granulated

by passing the mixture through the extruder once at 190- C and 50 rpm. The formed pellet was molded into,

a rectangular plate having a size of 130 mm x 120 mm x 2 mm by using an injection molding machine

(Model IS-50 supplied by Toshiba Kikai) under the following conditions. The molded plate was machined to

is form a test piece.

Injection Molding Conditions

Cylinder temperature CC): 200/230/270/270

20 Injection pressure (kg/cm2 ): primary/secondary = 1000/800

Cycle (sec): primary/secondary/cooling = 5/3/25

Injection speed: 2/10

Screw revolution (rpm): 97

Mold temperature CC): 32 (water-cooled)

25 The obtained results are shown in Table 4.

Sample 2

The procedures for formation of sample 1 were repeated in the same manner except that 10 parts by

weight of a powder of PTFE (Teflon TFE-T-TA-J supplied by Mitsui-Du Pont Fluorochemical) was used as

the sliding filler.

The obtained results are shown in Table 4.

30

35

Samples 3 and 4

The procedures for formation of sample 1 were repeated in the same manner except that the amount of

the graphite powder was changed to 0 or 80 parts by weight.

40

45

50

55
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The obtained results are shown in Table 4.
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Claims

50

1. A olefin resin composition for injection molding, which comprises (A) an olefin resin composition

comprising ultra-high-molecular-weight polyethylene having an intrinsic viscosity of 10 to 40 dl/g as

measured in decalin as the solvent at 135*C and low-molecular-weight or high-molecular-weight

polyethylene having an intrinsic viscosity lower than that of the ultra-high-molecular-weight polyethyl-

55 ene, in which the ultra-high-molecular-weight polyethylene is present in an amount of 15 to 40% by

weight based on the sum of both the polyethylenes and the two polyethylenes as a whole have an

intrinsic viscosity fo]c of 3.5 to 15 dl/g and a melt torque T lower than 4.5 kg cm as measured at

240 # C under a pressure of 5 kg.cm2 at an amplitude of ± 3* and a frequency of 360 Hz (6 cpm)., and
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(B) 1 to 70% by weight, based on the olefin resin composition, of an additive selected from fine

particulate inorganic fillers, fibrous fillers and liquid and solid lubricants.

2 A composition according to claim 1. wherein the low-molecular-weight or high-molecular-weight poly-

ethylene in the olefin resin composition (A) has an intrinsic viscosity folh of 0.1 to 5 dl/g.

3 A composition according to claim 1 or claim 2, wherein the ultra-high-molecular-weight polyethylene is

present in an amount of 20 to 35% by weight in the olefin resin composition (A).

4. A composition according to any one of claims 1 to 3 comprising a fine particulate inorganic filler having

a median diameter of 0.1 to 30 urn.

5. A composition according to any one of claims 1 to 4 comprising talc as the fine particulate inorganic

filler (B).

6. A composition according to any one of claims 1 to 5 comprising a fine particulate inorganic filler in an

amount of 5 to 50% by weight.

7 A composition according to any one of claims 1 to 6 comprising an inorganic or organic fibrous filler

having a fiber diameter of 1 to 50 urn and a fiber length of 1 to 10 urn.

8. A composition according to any one of claims 1 to 7 comprising glass fiber or carbon fiber as fibrous

filler.

9. A composition according to any one of claims 1 to 8 comprising a fibrous filler in an amount of 3 to

50% by weight.

10. A composition according to any one of claims 1 to 9 comprising a petroleum type lubricating oil or

synthetic lubricating oil as liquid lubricant.

11 A composition according to any one of claims 1 to 10 comprising a synthetic lubricating oil composed

of an emylene/a-olefin copolymer having an ethylene content of 20 to 80 mole% and a number average

molecular weight of 500 to 10000 as liquid lubricant.

12. A composition according to any one of claims 1 to 11 comprising a liquid lubricant in an amount of 1 to

20% by weight.

13. A composition according to any one of claims 1 to 12 comprising a powder having a particle size of 1

to 100 ixm as solid lubricant.

14. A composition according to any one of claims 1 to 13 comprising a powder of graphite or poly-

tetrafluoroethylene as solid lubricant.

15. A composition according to any one of claims 1 to 14 comprising a solid lubricant in an amount of 3 to

50% by weight.

16. A molded article formed by injection-molding a composition according to any one of claims 1 to 15.

17 A molded article according to claim 16 formed by injection molding the composition at a cylinder

temperature of 200 to 290 • C under an injection pressure of 1000 to 4000 kg/cm .

18. A sliding material which comprises an olefin resin composition comprising <ri^lH^^^
polyethylene having an intrinsic viscosity of 10 to 40 dl/g as measured in decal.n as the solvent at

S-C and low-molecu.ar-weight or high-molecular-weight polyethylene havmg an intnns.c v,scosrty

lower than that of the ultra-high-molecular-weight polyethylene, in which the ultra-h.gh-molecular-we.ght

polyethylene is present in an amount of 15 to 40% by weight based on the sum of both of

polyethylenes and the two polyethylenes as a whole have an intrinsic viscosrty [„]c of<3& tc.15 dl/g

and a melt torque T lower than 4.5 kg cm. and 1 to 70% by we,ght. based on the olefin resin
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composition, of a liquid or solid lubricant.

Patentanspriiche

5 1. Olefinharzzusammensetzung zum SpritzgieBen, welche (A) eine Olefinharzzusammensetzung, umfas-

send Polyethylen mit sehr hohem Molekulargewicht und einer in Dekalin a!s Losungsmittel bei 135°C

gemessenen Grenzviskositat von 10 bis 40 dl/g und Polyethylen mit geringem Molekulargewicht Oder

hohem Molekulargewicht, das eine niedrigere Grenzviskositat besitzt als das Polyethylen sehr hohen

Molekulargewichts, in welcher das Polyethylen sehr hohen Molekulargewichts in einer auf die Summe
10 beider Polyethylene bezogenen Menge von 15 bis 40 Gew.-% vorliegt und die zwei Polyethylene als

Ganzes eine Grenzviskositat fo]c von 3,5 bis 15 dl/g und ein Drehmoment in der Schmelze (T) von

weniger als 4,5 kg * cm, gemessen bei 240 °C unter einem Druck von 5 kg/cm2 bet einer Amplitude von

± 3* und einer Frequenz von 360 Hz (6 cpm), aufweisen, und (B) 1 bis 70 Gew.-%, bezogen auf die

Olefinharzzusammensetzung, eines aus feinen teilchenformigen anorganischen FOIIstoffen, faserformi-

75 gen Fullstoffen und flUssigen sowie festen Gleitstoffen gewahlten Zusatzstoffes, umfaBt.

2. Zusammensetzung gemaB Anspruch 1, wobei das Polyethylen mit geringem Molekulargewicht oder

hohem Molekulargewicht in der Olefinharzzusammensetzung (A) eine Grenzviskositat fo]h von 0,1 bis 5

dl/g aufweist.

20

3. Zusammensetzung gemaB Anspruch 1 oder Anspruch 2, wobei das Polyethylen mit sehr hohem

Molekulargewicht in einer Menge von 20 bis 35 Gew.-% in der Olefinharzzusammensetzung (A)

vorliegt.

25 4. Zusammensetzung gemaB mindestens einem der AnsprUche 1 bis 3, umfassend einen feinen, teilchen-

formigen, anorganischen FUllstoff mit einem mittleren Durchmesser von 0,1 bis 30 ttm.

5. Zusammensetzung gemaB mindestens einem der AnsprUche 1 bis 4, umfassend Talk als feinen,

teilchenformigen, anorganischen FUllstoff (B).

30

6. Zusammensetzung gemaB mindestens einem der AnsprUche 1 bis 5 f umfassend einen feinen teilchen-

formigen anorganischen FUllstoff in einer Menge von 5 bis 50 Gew.«%.

7. Zusammensetzung gemaB mindestens einem der AnsprUche 1 bis 6, umfassend einen anorganischen

35 oder organischen faserformigen FUllstoff mit einem Faserdurchmesser von 1 bis 50 urn und einer

Faserlange von 1 bis 10 urn.

8. Zusammensetzung gemaB mindestens einem der AnsprUche 1 bis 7, umfassend Glasfaser oder

Kohlefaser als faserformiger FUllstoff.

40

9. Zusammensetzung gemSB mindestens einem der AnsprUche 1 bis 8, umfassend einen faserformigen

FUllstoff in einer Menge von 3 bis 50 Gew.-%.

10. Zusammensetzung gemaB mindestens einem der AnsprUche 1 bis 9, umfassend ein Schmierol vom

45 Petroleum-Typ oder ein synthetisches Schmierol als flUssiges Gleitmittel.

11. Zusammensetzung gemaB mindestens einem der Anspruche 1 bis 10, umfassend ein synthetisches

Schmier6l, das aus einem Ethylen/o-Olefin-Copolymer mit einem Ethylengehalt von 20 bis 80 Mol-%

und einem zahlenmittleren Molekulargewicht von 500 bis 10000 besteht, als flUssiges Gleitmittel.

50

12. Zusammensetzung gemaB mindestens einem der AnsprUche 1 bis 11, umfassend ein flussiges

Gleitmittel in einer Menge von 1 bis 20 Gew.-%.

13. Zusammensetzung gemaB mindestens einem der AnsprUche 1 bis 12, umfassend ein Pulver mit einer

55 TeilchengroBe von 1 bis 100 urn als festes Gleitmittel.

14. Zusammensetzung gemaB mindestens einem der AnsprUche 1 bis 13, umfassend ein Pulver aus

Graphit oder Polytetrafluorethylen als festes Gleitmittel.
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15. Zusammensetzung gemaB mindestens einem der Anspruche 1 bis 14. umfassend ein testes Gleitmittel

in einer Menge von 3 bis 50 Gew.-%.

16. Geformter Gegenstand, gebildet durch SpritzgieBen einer Zusammensetzung gemaB mindestens einem

der Anspruche 1 bis 15.

17 Geformter Gegenstand gemaB Anspruch 16. gebildet durch SpritzgieBen der Zusammensetzung bei

einer Zylindertemperatur von 200 bis 290 -C und einem Spritzdruck von 1000 bis 4000 kg/cm*.

18 Gleitmaterial. welches eine Olefinharzzusammensetzung. umfassend Polyethylen mit sehr hohem

Molekulargewicht und einer in Dekalin als Losungsmittel bei 135 -C gemessenen Grenzv.skosrtat von

10 bis 40 dl/g und Polyethylen mit geringem Molekulargewicht Oder hohem Molekulargewicht, das eine

niedriqere Grenzviskositat besitzt als das Polyethylen sehr hohen Molekulargewichts, in welchem das

Polyethylen sehr hohen Molekulargewichts in einer auf die Summe beider Polyethylene bezogenen

Menoe von 15 bis 40 Gew.-% vorliegt und die zwei Polyethylene als Ganzes eine Grenzv.skos.tat [,Jc

von 3 5 bis 15 dl/g und ein Drehmoment in der Schmelze (T) von weniger als 4.5 kg " cm aufwe.sen.

und Ibis 70 Gew.-% eines flussigen Oder festen Gleitstoffes. bezogen auf die Olefinharzzusammenset-

zung, umfaBt.

Revendications

1 Composition de resine olefinique pour le moulage par injection, qui comprend :

(Mum.composition de resine olefinique comprenant un polyethylene de poids moleculaire tres

Sieve ayant une viscosite intrinseque de 10 a 40 dl/g mesuree dans la decaline comme solvant a

135-C et un polyethylene de poids moleculaire faible ou eleve ayant une viscos.te intrinseque

nferieure a celle du polyethylene de poids moleculaire tres eleve. dans laquelle le polyethylene de

poids moleculaire tres eleve est present en une quantite de 15 a 40% en poids sur base de la

somme des deux polyethylenes et les deux polyethylenes ensemble ont une viscosrte '^'nseque

He de 3 5 a 15 dl/g et un couple de torsion a I'etat fondu inferieur a 4,5 kg.cm mesure a 240 'C

sous unepression de 5 kg.cm* a une amplitude de ± 3- et a une frequence de 380
i

Hz (6 cpm). et

(B) 1 a 70% en poids. sur base de la composition de resine olefinique, d'un additif chois. parmi les

charges inorganiques particulaires fines, les charges fibreuses et les lubrifiants liquides et sol.des.

2. Composition suivant la revendication 1. dans laquelle le polyethylene de poids m0
^
cu 'af ^

ib,e ou

elev6 dans la composition de resine olefinique (A) a une viscosite intrinseque [
n]h de 0.1 a 5 dl/g.

3. Composition suivant la revendication 1 ou la revendication 2. dans laquelle le polyethylene de poids

moleculaire tres eleve est present en une quantite de 20 a 35% en poids de la composition de resme

olefinique (A).

4. Composition suivant I'une quelconque des revendications 1 a 3, comprenant une charge inorganique

particulate fine ayant un diametre median de 0,1 h 30 urn.

5. Composition suivant I'une quelconque des revendications 1 a 4. comprenant du talc comme charge

inorganique particulate fine (B).

6. Composition suivant I'une quelconque des revendications 1 a 5. comprenant une charge inorganique

particulate fine en une quantite de 5 h 50% en poids.

7. Composition suivant I'une quelconque des revendications 1 a 6. comprenant une charge fibreuse

inorganique ou organique ayant un diametre de fibre de 1 a 50 urn et une longueur de f.bre de 1 a 10

urn.

Composition suivant Tune quelconque des revendications 1 a 7, comprenant de la fibre de verre ou de

la fibre de carbone comme charge fibreuse.

Composition suivant Tune quelconque des revendications 1 a 8, comprenant une charge fibreuse en

une quantity de 3 a 50% en poids.
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10

10. Composition suivant I'une quelconque des revendications 1 a 9, comprenant une huile de lubrification

de type petrole ou une huile de lubrification synthetique comme lubrifiant liquide.

11. Composition suivant Tune quelconque des revendications 1 a 10, comprenant une huile de lubrification

synthetique composee d'un copolymere ethylene/a-olefine ayant une teneur en ethylene de 20 a 80

moles% et un poids moleculaire moyen de 500 a 10 000 comme lubrifiant liquide.

12. Composition suivant I'une quelconque des revendications 1 a 11, comprenant un lubrifiant liquide en

une quantity de 1 a 20% en poids.

13. Composition suivant Tune quelconque des revendications 1 a 12, comprenant une poudre ayant une

granulomere de 1 a 100 urn comme lubrifiant solide.

14. Composition suivant Tune quelconque des revendications 1 a 13, comprenant une poudre de graphite

is ou de polytetrafluoroethylene comme lubrifiant solide.

15. Composition suivant Tune quelconque des revendications 1 a 14, comprenant un lubrifiant solide en

une quantity de 3 a 50% en poids.

20 16. Article moule forme par moulage par injection d'une composition suivant Tune quelconque des

revendications 1 a 15.

17. Article moule suivant la revendication 16, forme par moulage par injection de la composition a une

temperature de matrice de 200 a 290 *C sous une pression d'injection de 1000 a 4000 kg/cm2 .

25

18. Matiere glissante qui comprend une composition de resine oiefinique comprenant un polyethylene de

poids moleculaire tres eleve ayant une viscosity intrinseque de 10 a 40 dl/g mesuree dans la decaline

comme solvant a 135'C et un polyethylene de poids moleculaire faible ou eleve ayant une viscosite

intrinseque inferieure a celle du polyethylene de poids moleculaire tres eleve, dans laquelle le

30 polyethylene de poids moleculaire tres eieve est present en une quantite de 15 a 40% en poids sur

base de la somme des deux polyethylenes et les deux polyethylenes ensemble ont une viscosite

intrinseque [
njcde 3,5 a 15 dl/g et un couple de torsion a I'etat fondu inferieur a 4,5 kg.cm, et 1 a 70%

en poids, sur base de la composition de resine oiefinique, d'un lubrifiant liquide ou solide.

35

40
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